Neutrophil (PMN) dysfunction occurs in HIV infection. Leukotrienes (LT) are mediators derived from the 5-lipoxygenase (5-LO) pathway that play a role in host defense and are synthesized by PMN. We investigated the synthesis of LT by PMN from HIV-infected subjects. There was a reduction (4.0 Ϯ 1.3% of control) in LT synthesis in PMN from HIV-infected compared with normal subjects. This was associated with reduced expression of 5-LO-activating protein (31.2 Ϯ 9.6% of normal), but not of 5-LO itself. Since HIV does not directly infect PMN, we considered that these effects were due to reduced release of cytokines, such as granulocyte colony-stimulating factor (G-CSF). We examined the effect of G-CSF treatment (300 g daily for 5 d) on eight HIV-infected subjects. PMN were studied in vitro before therapy (day 1) and on days 4 and 7. LTB 4 synthesis was increased on day 4 of G-CSF treatment, and returned toward day 1 levels on day 7. 5-LO and 5-LO-activating protein expression were increased in parallel. As a functional correlate to this increase in PMN LT synthesis by G-CSF, we examined the effects on killing of Cryptococcus neoformans . Anticryptococcal activity of PMN from HIV-infected subjects was less than that of PMN from normal subjects. G-CSF treatment improved fungistatic activity of PMN. This increase in antifungal activity was attenuated by in vitro treatment with the LT synthesis inhibitor, MK-886. In conclusion, PMN from HIV-infected subjects demonstrate reduced 5-LO metabolism and antifungal activity in vitro, which was reversed by in vivo G-CSF therapy. ( J. Clin. Invest. 1998. 102:663-670.)
Introduction
HIV infection results in increased susceptibility to opportunistic and nonopportunistic infections. Although defects in cellmediated immunity are prominent (1) , there is also evidence of compromised neutrophil (PMN) function (2) . For example, PMN from HIV-infected subjects with AIDS demonstrate reduced chemotaxis compared with control PMN (2) . Furthermore, phagocytosis and killing of Staphylococcus aureus were significantly reduced compared with controls (3) . Finally, PMN superoxide activity, which is instrumental in microbicidal activity, was also shown to be depressed in PMN from HIVinfected subjects (4, 5) . Clinically, impaired PMN function in these patients is associated with an increased prevalence of pyogenic infections (6) .
Leukotrienes (LT) 1 are products of the 5-lipoxygenase (5-LO) pathway of arachidonic acid (AA) metabolism (7, 8) . They are generated in large amounts by PMN, and play an important role in host-defense mechanisms (9, 10) . LT enhance phagocytosis (11) , expression of cell surface CR3 molecules (12) , and the secretion of O and lysosomal hydrolases (10) . Mice whose 5-LO gene has been disrupted, and are therefore LT-deficient, exhibited impaired pulmonary bacterial clearance and increased mortality after intratracheal challenge with Klebsiella pneumoniae (13) . Alveolar macrophages (AM) from these 5-LO knockout animals also demonstrated a reduced capacity to phagocytose and kill bacteria in vitro. Our laboratory has recently demonstrated that 5-LO metabolism is reduced in AM from HIV-infected subjects (14) . We speculated that a similar defect in LT synthesis in PMN might reduce PMN antimicrobial activity, thereby leading to further compromise of the immune system of these HIV-infected patients.
Granulocyte colony-stimulating factor (G-CSF) has been used in HIV disease to treat neutropenia induced by antiretroviral agents, antibiotics, and overwhelming infection (15) . It has been shown to upregulate PMN killing ability against various microorganisms in vitro (3) . In vitro incubation with the related cytokine granulocyte-macrophage CSF (GM-CSF) has been shown to augment 5-LO metabolism in normal PMN by increasing expression of 5-LO and its helper protein, 5-LO-activating protein, termed "FLAP" (16, 17) . G-CSF treatment in vitro has been shown to increase AA release in PMN (18) . However, the effect of G-CSF on PMN 5-LO metabolism has not been investigated, either in vitro or in vivo. In this study, we determined 5-LO metabolism in PMN from HIV-infected subjects isolated before and after in vivo treatment with G-CSF. We also examined the effect of G-CSF administration on PMN antifungal activity.
Methods
Clinical study protocol. We carried out a prospective trial of G-CSF therapy in eight HIV-infected subjects with low ( Ͻ 100 cm 2 ) CD4 counts without evidence of opportunistic infection. The experimental protocol was approved by the University of Michigan Institutional Review Board for Approval of Research Involving Human Subjects. Full informed consent was obtained from all subjects before the study. All subjects were on antiretroviral, but not on antifungal, therapy. Subjects were treated with G-CSF at a dose of 300 g subcutaneously on each of days 1-5. PMN were isolated on day 1, before G-CSF therapy, and day 7, 2 d after stopping G-CSF. Four subjects were also studied on day 4. Each subject acted as his or her own control. Total white cell and absolute PMN counts were performed on days 1, 4, and 7. In addition, HIV load, as measured by (branched) bDNA (19) , was determined before and after the drug study. Subjects were carefully monitored for adverse events during the study. PMN 5-LO metabolism and anticryptococcal activity in vitro were also determined. HIV-negative control subjects without evidence of systemic infection were also studied. These subjects who were recruited from the employees at University Hospital (Ann Arbor, MI), were normal volunteers, both male and female, who did not smoke and were taking no medication.
Isolation of PMN. PMN were isolated from venous blood drawn from HIV-infected subjects with low CD4 counts and from normal volunteers. A volume of 5 ml of heparinized whole blood was layered over 3.5 ml of a mixture of sodium metrizoate and Ficoll (1-Step Polymorphs; Accurate Chemical & Scientific Corporation, Westbury, NY) in a 15-ml centrifuge tube. The sample was centrifuged at 450 g for 30 min in a swing-out rotor at 22 Њ C. After centrifugation, the distinct lower PMN-containing band was aspirated and diluted in 0.45% NaCl solution to restore normal osmolality. The cells were washed twice in 0.5 N saline and resuspended in Iscove's medium. This resulted in Ͻ 5% contamination with erythrocytes and Ͼ 95% PMN as determined by Diff-Quik staining.
Quantitation of maximal PMN LT synthetic capacity. Freshly isolated PMN were suspended in Iscove's medium at 1 ϫ 10 6 /ml in Eppendorf tubes and incubated for 30 min with 10 M calcium ionophore (A23187; Calbiochem Corp., La Jolla, CA) or vehicle (0.5% DMSO) alone. The cells were then centrifuged and the supernatant was frozen at Ϫ 70 Њ C for subsequent LTB 4 and prostaglandin (PG)E 2 analysis by enzyme immunoassay (Cayman Chemical, Ann Arbor, MI). To directly compare EIA results from controls and HIV-infected subjects, the sample from each HIV-infected subject was analyzed in parallel with that of a control subject studied on the same day. For each sample, the average of duplicate determinations was calculated. Data are expressed as picograms product per 1 ϫ 10 6 cells.
Analysis of [
3 H]AA release and metabolism. Isolated PMN from control and HIV-infected subjects were incubated overnight. As measured by trypan blue exclusion, viability of PMN was: normal subjects 87.7 Ϯ 1.5% at 24 h, and 55.6 Ϯ 6.8% at 48 h; HIV-infected subjects was 77.3 Ϯ 4.7% at 24 h, and 47.6 Ϯ 0.1% at 48 h ( P ϭ NS, n ϭ 3). Release and metabolism of AA was assessed in PMN whose lipids were prelabeled by incubation with [ 3 H]AA (60-100 Ci/mmol sp act) (Dupont-New England Nuclear, Boston, MA) in the medium during culture for 1.5 h. Cells were then centrifuged and washed, and AA metabolism was determined by incubation in Iscove's medium for 30 min with 10 M A23187. To assess total AA release, cells were stimulated with A23187 in the presence of 0.1% BSA and radioactivity in the medium was determined (20) . Cell supernatants were extracted using C 18 SepPaks, Waters Corp., Milford, MA, and radiolabeled eicosanoids were separated by reverse-phase HPLC (20) , identified by co-elution with authentic standards (Cayman Chemicals, Ann Arbor, MI), and quantitated using an on-line radioactivity detector (Radiomatic model 515; Packard Instruments, Downers Grove, IL). Radiolabeled products released were expressed as a percentage of radioactivity incorporated into cellular membrane phospholipids.
Immunoblot analysis of total cellular 5-LO, FLAP, and phospholipase A 2 (PLA 2 ). Steady-state quantities of 5-LO, FLAP, and cytosolic PLA 2 (cPLA 2 ) proteins were assessed by immunoblot analysis using a modification of methods described previously (21) . Briefly, equal amounts of protein (5-20 g) were separated on 10% SDSpolyacrylamide gels by the method of Laemmli (22) . High and low molecular weight rainbow markers (Amersham Chemical Corp., Arlington Heights, IL) were also loaded on each gel. After overnight transfer to nitrocellulose membranes (Bio-Rad Laboratories, Richmond, CA), blots were blocked by incubating for 1 h with 10% nonfat dried milk in Tris-buffered saline (TBS), washed in TBS containing 0.1% Tween (TBS-T), and incubated at room temperature for 1 h with rabbit polyclonal antisera raised against either human leukocyte 5-LO (1:3,000 dilution), amino acid residues 41-52 of the human FLAP sequence (1:5,000 dilution), or recombinant human cPLA 2 (1:1,000 dilution). Antisera against 5-LO and FLAP were provided by Dr. J. Evans, Merck Frosst (Pointe Claire-Dorval, Quebec); anticPLA 2 antiserum (23) was provided by Dr. J. Clark (Genetics Institute, Cambridge, MA). After washing, blots were incubated for 1 h with horseradish peroxidase-conjugated goat anti-rabbit IgG (Amersham Chemical Corp.) at a dilution of 1:5,000 in TBS-T. Membranes were then washed and developed using the enhanced chemiluminescent Western blotting system (Amersham Chemical Corp.). Multiple exposures of each blot were obtained. Densities of luminescent bands were quantitated in appropriately exposed autoradiographs by video densitometry using National Institutes of Health Image software. Samples obtained from controls and HIV-infected subjects were loaded on the same gel, and underwent immunoblot analysis in parallel.
Anticryptococcal activity of PMN. The strain of Cryptococcus neoformans ( C. neoformans ) H99/C3D (American Type Culture Connection, Rockville, MD) was used because it has been isolated from human cerebral spinal fluid and the size of its capsule does not increase in response to physiological concentrations of CO 2 in tissue culture (24) . C. neoformans was stored on Sabouraud's dextrose agar slants (Difco Laboratories, Detroit, MI) and passaged monthly to fresh slants. Before inoculation, C. neoformans was prepared by resuspending a slant in Sabouraud's broth medium containing 1% neopeptone and 2% dextrose and incubating at 35 Њ C for 3 d. It was washed three times in sterile water, counted, and resuspended in culture medium. 2 ϫ 10 4 organisms were added to 2 ϫ 10 5 cells per 200-l well. After coincubation with PMN for 48 h, the cryptococcal burden was assessed, as described (24) . Briefly, cells were lysed with 0.1% Triton X-100 to release intracellular organisms. The number of colony-forming units (CFU) were determined by plating serial dilutions of the lysates in quadruplicate on Sabouraud's dextrose agar, which were cultured in 5% CO 2 at 35 Њ C.
C. neoformans grew well in media alone. 18,000 Ϯ 1,414.4 CFU plated at time 0 in media alone increased after 48 h to a mean CFU of 330,000 Ϯ 51,600 CFU (18.3-fold increase, P Ͻ 0.05, n ϭ 4). Although, we did not measure time 0 CFU in every experiment, our CFU at 48 h were always in the 3-5 ϫ 10 5 range increasing from a baseline of 2 ϫ 10 4 organisms added to culture media at time 0, indicating significant growth of C. neoformans. Percent change of C. neoformans growth compared with control medium was calculated as ([{CFU experimental group} Ϫ {CFU control}] / {CFU control}) ϫ 100. When this formula is used, suppression of C. neoformans growth by neutrophils is reflected by a negative change in C. neoformans compared with medium alone. Positive values indicate increased growth of the fungus when cocultured with neutrophils compared with medium alone. This formula is similar to that used by Chen et al. (24) , where they include data for time 0 CFU as well as 48 h in each experiment. Using their formula values of Ϫ 100% change in CFU are equivalent to fungicidal activity, whereas values between 0 and Ϫ 99% are in the fungistasis range (24) . When we utilized the formula of Chen et al. we only detected fungistasis, and not fungicidal activity, after incubation of C. neoformans with PMN. Using this in vitro assay of anticryptococcal activity, we were able to detect consistent antifungal activity incubating PMN from normal subjects with C. neoformans for 24 h Data analysis. Where indicated, data were expressed as the mean Ϯ SEM. Differences between the mean values of HIV-infected and control groups were analyzed by ANOVA, with statistical significance assessed by the Scheffe test. A P value Ͻ 0.05 was considered significant. Fig. 1 shows the maximal LT synthetic capacity from endogenous AA of PMN obtained from control and AIDS patients, assessed by quantitating immunoreactive LTB 4 synthesis after A23187 activation. LTB 4 synthesis was dramatically reduced in PMN from HIV-infected subjects to 4 Ϯ 1.3% of normal PMN levels. To confirm the EIA results demonstrating reduced 5-LO metabolic capacity in PMN from HIV-infected subjects, we performed HPLC analysis of the radiolabeled products released by prelabeled cells from control and HIV-infected volunteers stimulated with A23187. A representative eicosanoid profile of A23187-stimulated PMN from control subjects is shown in Fig. 2 A. It consists predominantly of 5-LO products (LTB 4 and 5-hydroxyeicosatetraenoic acid ), with lesser amounts of the cyclooxygenase (COX) products, PG. By contrast, PMN from HIV-infected subjects with low CD4 counts (Fig. 2 B ) 4 , but also 5-HETE, indicating a defect common to the 5-LO pathway as a whole.
Results

AA metabolism in PMN from HIV-infected subjects.
One possible explanation for the reduction in 5-LO metabolic capacity of PMN from these HIV-infected subjects could be a decrease in the PLA 2 -mediated availability of AA, the substrate for LT synthesis. However, PMN from HIV-infected subjects released similar (Table I) (Fig. 3) . Cells from HIV-infected subjects exhibited a reduction in FLAP expression relative to control subjects (taken as 100%). By contrast there was no change in 5-LO expression compared with control subjects. The expression of cPLA 2 protein (not shown) was unchanged in PMN from HIV-infected subjects (76.25 Ϯ 19.7% of control, n ϭ 8) as compared with those obtained from control subjects, in keeping with the similar magnitude of AA release in the two groups.
Anticryptococcal activity of PMN from HIV-infected subjects. To examine the functional significance of this defect in 5-LO metabolism, we investigated the ability of PMN from the two groups to kill C. neoformans , a frequent opportunistic infection in the lung and the most common cause of meningitis 3 H]AA metabolites synthesized by A23187-stimulated PMN from a representative normal subject and HIV-infected subject. Peaks were identified by coelution with authentic standards, and the products were expressed as a percentage of incorporated radioactivity.
in the AIDS population (25, 26) . PMN from normal subjects demonstrated modest inhibition of C. neoformans growth in vitro. In contrast, PMN from HIV-infected subjects displayed reduced anticryptococcal activity manifested as increased colony numbers during the assay (Fig. 4) .
G-CSF protocol patient population. The HIV group consisted of seven males and one female, with a mean age of 38.9Ϯ3.0 yr. The hematologic and viral characteristics of these eight HIV-infected subjects are shown in Table II . The mean CD4 count was 40.9Ϯ9.4 cm 2 . There was a marked increase in white cell count and absolute PMN count after G-CSF treatment. This peaked at day 4, and was still elevated at approximately twice day 1 levels on day 7. As expected, the HIV load was unchanged after G-CSF treatment (pretherapy 176. 4Ϯ86 10 3 , posttherapy 125.9Ϯ53.1 10 3 particles bDNA). No significant side effects of G-CSF administration were reported.
Effect of G-CSF treatment on AA metabolism of PMN from HIV-infected subjects.
We studied PMN before, during, and after 5 d of treatment with 300 g G-CSF administered subcutaneously. On the fourth day of treatment with G-CSF in vivo, there was a dramatic increase in LT synthesis detected in vitro (Fig. 5) , as compared to the markedly reduced baseline levels. This increase in 5-LO metabolism had waned by day 7, and although there was a trend towards higher values than on day 1, it was not statistically significant. To determine if this effect was selective for the 5-LO pathway, we determined COX metabolism in PMN from HIV-infected subjects in parallel with that of 5-LO metabolism. As compared with day 1 levels immunoreactive PGE 2 synthesis was likewise increased following treatment of subjects with G-CSF on day 4 (326.6Ϯ63.3% of day 1), and day 7 (228.3Ϯ62.9% of day 1). This suggested that an increase in AA release might account, at least in part, for the increases in both LT and PG product formation. This was indeed the case, since day 7 PMN prelabeled with [ 3 H]AA demonstrated increased total release of radioactivity. Fig. 6 shows a HPLC profile which exhibits increased quantities of radiolabeled free AA, 5-LO products, and COX products synthesized by PMN after in vivo G-CSF treatment.
Effect of G-CSF treatment on 5-LO, FLAP, and cPLA 2 expression in PMN from HIV-infected subjects.
We next examined the effect of G-CSF treatment on the PMN expression of the two proteins, 5-LO and FLAP, essential for LT synthesis. Both FLAP and 5-LO expression, were increased on day 4 compared with day 1 (Fig. 7) . This increase in protein expression was maintained on day 7. In addition, we examined the expression of cPLA 2 (data not shown). G-CSF also increased cPLA 2 expression (day 4: 210.7Ϯ31% of day 1; day 7: 214.4Ϯ 43.7% of day 1, n ϭ 4, P ϭ 0.05) to the same extent as 5-LO. This increased cPLA 2 expression correlated with the increase in AA release. These observations suggest that increased 5-LO and FLAP expression on day 4 and day 7 account for the augmented LT synthetic capacity. Increased cPLA 2 expression and AA release may also contribute, in part, to the increase in 5-LO metabolites after G-CSF therapy. The decrease in LT synthesis on day 7 compared with day 4 may be explained by a decrease in cPLA 2 activity (AA release), or activity of the 5-LO enzyme, since expression of 5-LO, FLAP, and cPLA 2 proteins were unchanged.
Effect of G-CSF treatment on anticryptococcal activity of PMN from HIV-infected subjects. To determine the functional significance of this increase in PMN 5-LO metabolism from HIV-infected subjects after G-CSF therapy, we determined their antifungal activity. PMN anticryptococcal activity in vitro was determined before (day 1) and after (day 7) treatment of HIV-infected subjects with G-CSF. As a result of G-CSF treatment, PMN shifted from a growth-promoting to a growth-suppressive milieu for C. neoformans (Fig. 8) .
Role of increased LT synthesis in the G-CSF effect on PMN anticryptococcal activity. The above observations indicate that G-CSF treatment of HIV-infected subjects augments PMN 5-LO metabolism, and increases PMN anticryptococcal activity in parallel. The next logical step was to determine if the increase in anticryptococcal activity was dependent on increased PMN LT synthesis. We harvested PMN on day 7 from the HIV-infected subjects who were treated with G-CSF, and incubated the cells with a LT synthesis inhibitor, the FLAP antagonist MK-886. Notably, MK-886 substantially abrogated the enhanced anticryptococcal activity observed after G-CSF treatment (Fig. 9) . Furthermore, when we treated PMN from control subjects with MK-886, we demonstrated reduced anticryptococcal activity (control PMN Ϫ49.1Ϯ22.1% change in C. neoformans growth compared with control medium; MK-886 treated 7.8Ϯ0.37%, n ϭ 3, P ϭ 0.05). This indicates that the increased LT synthetic capacity of PMN from G-CSF-treated subjects was at least partially responsible for the augmented antifungal capacity.
Discussion
Recruitment of circulating PMN to tissues is an important second line of defense against microorganisms that augments the Figure 5 . Effect of in vivo G-CSF therapy on PMN LT synthesis in HIV-infected subjects. PMN were isolated on days 1, 4, and 7 of the study protocol as described in Methods, and plated at 1 ϫ 10 6 /ml in Iscove's medium. Maximal LTB 4 release was determined after stimulation with A23187 (10 M) for 30 min at 37ЊC. Medium was analyzed for LTB 4 by EIA and the value obtained for HIV-infected subjects was expressed as a percent of the value observed for control subjects (n ϭ 8) (2,846.7Ϯ536.3). *P ϭ 0.05 vs. day 1; **P ϭ 0.05 vs. day 4. LTB 4 values were day 1, 51.2Ϯ0 pg/10 6 cells (these levels were undetected and taken as the lower limit of the assay sensitivity); day 4, 886.0Ϯ329.4 pg/10 6 cells; day 7, 287.4Ϯ170.6 pg/10 6 cells. capacity of resident macrophages. Although not directly infected by HIV, PMN demonstrate significant dysfunction, especially with progression to AIDS (2) . Like AM, PMN have a high capacity to make LT, and in view of the previously observed defect in 5-LO metbolism in AM (14), we wished to determine if PMN exhibited the same defect. In fact, the defect was even more profound than that seen in AM.
This is the first report of reduced 5-LO metabolism in PMN from HIV-infected subjects. This defect is specific for the LT synthetic pathway and appears to be related to a decrease in FLAP expression. Importantly, this metabolic abnormality was associated with reduced antifungal activity of PMN in vitro. Treatment of subjects with G-CSF in vivo augmented Effect of in vivo G-CSF therapy on PMN anticryptococcal activity in HIV-infected subjects. PMN were isolated on protocol days 1 and 7. C. neoformans was incubated with PMN for 48 h as described in Methods. After cell lysis with 0.1% Triton-X, CFU were determined by serial dilution of cell supernatants and lysates on Sabouraud's dextrose agar. The data are presented as a percent change of C. neoformans growth compared with control medium. Data represent the meanϮSEM from n ϭ 5 subjects. *P ϭ 0.02. Figure 9 . Role of 5-LO metabolism in the increased anticryptococcal activity of PMN from HIV-infected subjects after G-CSF therapy. PMN were harvested on day 7 of the protocol. C. neoformans was incubated with PMN for 48 h, with or without the LT synthesis inhibitor MK-886. C. neoformans growth was determined as described above. Data represent the meanϮSEM from n ϭ 3 subjects. *P ϭ 0.05. PMN 5-LO metabolism, with an associated increase in 5-LO and especially FLAP expression. The resulting increase in LT synthesis was associated with improved antifungal activity in vitro. These results provide insight into the mechanisms whereby G-CSF administration might augment PMN function. On the basis of recent work indicating that LT-deficient mice have increased susceptibility to pneumonia (13), we suggest that boosting PMN LT synthesis in subjects with HIV infection may ameliorate impaired antimicrobial defense in AIDS.
AM from HIV-infected subjects with low CD4 counts demonstrated reduced 5-LO and FLAP expression, whilst AM from HIV-infected subjects with normal CD4 counts demonstrated only reduced 5-LO expression (14) . FLAP expression in AM correlated with the CD4 counts in these HIV-infected subjects. This led us to speculate that direct HIV infection of AM resulted in reduced 5-LO expression, while reduced numbers of CD4 cells resulted in reduced FLAP expression. This hypothesis is further supported by the evidence that AM from a CD4 T cell-depleted murine model demonstrate reduced 5-LO metabolism and FLAP expression (Coffey, M., S. Phare, M. Peters-Golden, and G. Huffnagle, manuscript submitted for publication) and that mediators released by activated blood lymphocytes upregulate 5-LO metabolism in peripheral blood monocytes (27) . PMN, which are not susceptible to direct HIV infection, also demonstrate reduced FLAP expression with reduced LT synthetic capacity, consistent with the liklehood that reduced elaboration of mediators by CD4 T cells may be responsible for their reduced 5-LO metabolism as well.
A novel feature of this study was the attempt to upregulate defective PMN function by treating HIV-infected subjects with G-CSF. This growth factor is used in neutropenic patients to boost the PMN count (3). Additionally, there is evidence that levels of G-CSF, which is released by activated macrophages among other cells, are reduced in HIV-infected subjects (28) . In vivo treatment of HIV-infected subjects with G-CSF increased PMN LT synthetic capacity. This was accompanied by an increase in PMN FLAP and 5-LO expression. Throughout this report, LT synthetic capacity, protein expression, and antifungal activity were expressed per million PMN. Since G-CSF also substantially increased PMN cell count, all of these cellular effects would be expected to be magnified in vivo. GM-CSF has been shown to increase PMN 5-LO metabolism in vitro (16, 17, 29) and augment urinary LTE 4 levels after in vivo therapy (30, 31) . However, the effect of G-CSF on 5-LO metabolism is less well studied. Our study is the first report of an effect of in vivo treatment with a CSF on cellular 5-LO metabolism.
Another important aspect of this study is our investigation of the functional significance of this defect in PMN 5-LO metabolism. C. neoformans is a common opportunistic organism causing disseminated disease in AIDS, and normal PMN have in vitro anticryptococcal activity (32). Although neutropenia is not a classic presentation in AIDS, it may be occurring more frequently with increased use of aggressive antiretroviral regimes with their attendant bone marrow suppression. Furthermore, with the combination of lymphocyte and macrophage dysfunction in AIDS, the PMN may become more relevant in preventing fungal dissemination from the lung. We demonstrate defective killing of C. neoformans by PMN from HIV-infected subjects compared with control PMN. G-CSF treatment of HIV-infected subjects boosted PMN antifungal activity in vitro in parallel with increases in 5-LO metabolism and 5-LO and FLAP expression. Furthermore, inhibiting LT synthesis with the FLAP inhibitor, MK-886, partially reversed the increased antifungal activity of PMN from HIV-infected subjects attributed to G-CSF treatment. It should be noted that we did not study anticryptococcal activity, during G-CSF therapy on day 4, when 5-LO metabolism was maximal. Therefore, it is likely that we have underestimated the effect of G-CSF therapy, and hence LT, on PMN anticryptococcal activity. These observations provide important insight into one mechanism whereby G-CSF augments PMN function when administered in vivo. Indeed, the effects of G-CSF on neutrophil function, such as enhanced phagocytosis, microbiocidal activity, and delayed apoptosis, are also the effects of LT on PMN function (11, 13, 33) .
These data have important clinical implications for the management of HIV-infected subjects with opportunistic infections. In addition to the role of LT in the killing of microbes, LT increase complement killing of HIV (34) . In addition, LTB 4 and 5-HETE have been shown to increase natural killer cell activity, which helps eliminate virus-infected cells (35) . 5-LO products, including LTB 4 and 5-HETE, are well known to recruit PMN to sites of infection and to activate their antimicrobial function against both fungi and bacteria. The predisposition to pulmonary infections with reduced LT synthetic capacity has a precedent not only in 5-LO knockout mice, but in other animal models, including protein-calorie malnutrition (36) , vitamin D 3 deficiency (37), and infancy (38) , as well as in human diabetes mellitus (39) . Treatment of HIVinfected subjects with G-CSF during opportunistic infections may enhance clearance of opportunistic and nonopportunistic organisms. Furthermore, preliminary data suggest that the addition of G-CSF to standard antibiotic therapy may enhance the treatment of community acquired pneumonia in non-HIV patients (40) .
In summary, this defect in PMN from HIV-infected subjects compounds a similar defect in AM LT synthesis (14) and the better-recognized reduction in CD4 T cell number and function. Reduced mediator release from CD4 cells may result in defective killing of microorganisms by phagocytic cells. Replacement of growth factors such as G-CSF has the potential to augment defective PMN LT synthesis and antimicrobial activity.
